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Monday, February 27, 2012 221arearrangement due to cross-linking lipids in the headgroup position. Building
on this, our current efforts investigate peptide perturbations in lipid bilayers.
We cross-link transmembrane peptides on the surface of lipid vesicles to
examine the interactions between the helices, mimicking B cell receptor
clustering. Expanding on surface-based perturbations, we utilize peptide
forming fibrils that associate with anionic lipids, indicating an electrostatic
association. These fibril-liposome systems are a useful model to study
plaque-based diseases such as Alzheimer’s, Parkinson’s and type II diabetes.
We analyze these associations using microscopy, FRAP, FRET and CD
spectroscopy.
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Ras proteins are small GTP-hydrohydrolyzing enzymes that operate as mo-
lecular switches in signal transduction pathways and are present in a mutant,
activated state in many human tumors. It has been shown that the lipid-
modified C-terminus drive lateral segregation of Ras proteins into mem-
brane sub-structure on the plasma membrane. Such transient and dynamic
molecular assembly, so-call nanocluster, is emerging as a crucial mecha-
nism by which cells achieve high-fidelity signal transmission. However, lit-
tle is known about the underlying force driving the formation of
nanoclusters on the plasma membrane and their influence on the membrane
structure.
To investigate the interaction between nanocluster and the membrane, we car-
ried out extensive semi-atomistic molecular dynamics simulations of the C-ter-
minal membrane-targeting motif of H-ras (tH) in a phase separated lipid
bilayer composed of 2000 DPPC, DliPC and cholesterol molecules. We found
out that at ambient temperature approximately 30–40% of tH molecules as-
semble into clusters of 4-9 proteins, and preferentially localize at the interface
between the liquid-order and liquid-disorder phases of the membrane. In the
nanoclusters, tH backbones preferably exhibits an extended conformation
and align linearly at the phase interface. With such molecular-level organiza-
tion, tH molecule act as a linactant at the interface and reduce line tension of
the anchor-containing monolayer and induces shape transition of the overall
membrane due to the tendency of the system to minimize the free energy.
The resultant geometry of the membrane is determined by the different elastic
bending modulus of different phases as well as the phase boundary line ten-
sion, which is strongly affected by the localization of the nanoclusters. Our
findings were explained based on the domain-induced budding model and
shed light on the interaction between membrane-bounded proteins and mem-
brane domains, such as lipid rafts.1116-Plat
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Distinct lipid environments are increasingly recognized as an important fac-
tor influencing membrane protein properties. However, the small size and
transient nature of lipid heterogeneities typically found in plasma mem-
branes significantly complicate a thorough analysis of this intriguing rela-
tionship at the cellular level. To address this challenging topic, we present
a powerful model membrane platform based on a polymer-supported bilayer
of well-defined lipid compositions, in which the sequestering and oligomer-
ization state of reconstituted membrane proteins can be determined in the
absence of artificial cross-linking agents using confocal fluorescence spec-
troscopy paired with a photon counting histogram (PCH) method, as well
as epifluorescence microscopy. Specifically, integrins (avb3 and a5b1)
were reconstituted into the polymer-tethered lipid bilayer using a modified
Rigaud technique and their sequestering and oligomerization behavior was
analyzed in raft-mimicking lipid mixtures before and after addition of native
ligands (vitronectin and fibronectin). Our data show that ligand binding no-
tably enhances the affinity of avb3 and a5b1 for cholesterol-enriched lipid
environments without altering the integrin oligomerization state. These find-
ings support a mechanism of ligand-induced conformational changes of
membrane proteins that impacts protein-lipid interactions. Finally, we
present results that illustrate how changes in lipid composition affect
ligand-mediated integrin sequestering/oligomerization in the model mem-
brane environment.1117-Plat
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Understanding of the mechanisms of interaction of macromolecules and colloi-
dal particles with lipid membranes is far from complete, and the questions re-
lated to the effects of membrane local curvature and bending elasticity of the
interacting partners are still largely unsolved. Recently, using single-
molecule fluorescence video microscopy we discovered unexpected effects in
interaction of single DNA molecules with freestanding cationic lipid mem-
branes [1]. In the present contribution, using the same experimental approach,
we investigate how much more rigid negatively charged particles - fd viruses
[2] - behave upon electrostatic binding to freestanding cationic lipid mem-
branes. We study the translational and rotational diffusion of fd viruses with
the lengths in the range of (1-11)0.88 mm bound to freestanding membranes
and observe the crossover from the 2D membrane-controlled to 3D bulk fluid-
controlled diffusion dynamics. For virus particles with lengths >4.4 mm we
additionally study the effects of the membrane on their conformations and con-
formational dynamics.
[1] C. Herold, P. Schwille, and E. P. Petrov, Phys. Rev. Lett. 104 (2010) 148102.
[2] S. Fraden and Z. Dogic, in: Soft Matter, Vol. 2: Complex Colloidal Suspen-
sions (eds. G. Gompper and M. Schick) Wiley-VCH, Weinheim, 2006,
pp. 1–86.
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The photoreceptor, rhodopsin is a kinetically stable G-Protein Coupled Recep-
tor that is located in rod outer segment disk membranes. Differential scanning
calorimetry (DSC) studies have shown that rhodopsin exhibits an irreversible
scan rate dependent endothermic transition (Tm) at approximately 72 oC.
The activation energy for thermal denaturation (Eact) calculated from the
scan rate dependence of the Tm is sensitive to the integrity of the lipid bilayer.
It is also sensitive to proteolytic cleavage of the extramembraneous loops of
rhodopsin. Here we investigate the influence of palmitoylation, membrane cho-
lesterol and digitonin solubilization on rhodopsin kinetic stability. DSC exper-
iments were performed using a MicroCal VP-DSC microcalorimeter. Samples
were scanned at 15, 30, 60 and 90o/hr. Because the protein transitions are irre-
versible, a second scan was used to determine the baseline. Rhodopsin palmi-
toylation at cys 322 and cys 323 anchors the C-terminus to the membrane. The
Eact for rhodopsin in disk membranes treated with hydroxylamine to remove
these palmitate groups was approximately 35 Kcal/mole less than that of native
rhodopsin. The Eact for rhodopsin was also determined at different membrane
cholesterol levels. These data indicated a decrease in stability both above and
below native membrane cholesterol levels. Finally, unlike solubilization in
other detergents, solubilization in digitonin had little effect on rhodopsin
kinetic stability.
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Phosphatidylinositol 4,5-bisphosphate [PI(4,5)P2] is an important signaling
lipid that provides spatiotemporal control for a broad range of signaling events.
PI(4,5)P2 is a highly charged lipid, and electrostatics play a crucial role in pro-
tein/PI(4,5)P2 interactions. The exact charge on PI(4,5)P2 can be strongly
affected by cellular conditions. We have used solid-state MAS 31P-NMR to ex-
amine the ionization behavior of PI(4,5)P2 in multilamellar vesicles containing
mixtures of other lipids, for pH values from 4 to 10. Previous research has
shown a complex ionization pattern for PI(4,5)P2 in binary lipid mixtures of
PC and PI(4,5)P2 (Kooijman et al. Biochemistry 48 (2009) 9360). In more com-
plicated lipid mixtures, we observe significant deviations from the binary PC/
PI(4,5)P2 titration curve. The hydrogen-bond donor lipid PE causes a large shift
of the titration curve of the 4- and 5-phosphate of PI(4,5)P2to lower pH values,
indicating a stabilization of a more negatively charged form of PI(4,5)P2. For
mixtures of PC, PS, and PI(4,5)P2, the titration curve appears to show a shift
to higher pH values, indicating a decrease in negative charge for PI(4,5)P2.
This effect is pH dependent, with the strongest shift occurring in the
